Summary. Fewer frozen\p=n-\thawedmouse oocytes cleaved to the 2-cell stage compared to fresh control oocytes fertilized in vitro (46% vs 79%). The reduced rate of 2-cell formation was only partly explained by a decreased rate of fertilization (63% vs 85%). However, subsequent development to expanded blastocysts was not different (75% vs 78%). An increased frequency of second polar body retention by fertilized frozen\x=req-\ thawed oocytes compared with controls (11\m=.\8% vs 1\m=.\3%) was shown to be largely responsible for the higher incidence of polyploidy (16\m=.\3% vs 3\m=.\7%). The frequency of polyspermic fertilization was not different in the two groups (3\m=.\9% vs 2\m=.\3%).
Introduction
The widespread use of superovulation regimens in human in-vitro fertilization programmes has resulted in an increased number of oocytes being recovered and embryos produced after fertiliza¬ tion in vitro (Trounson et ai, 1981) . Since the number of eggs/embryos transferred is usually limited to 3 or 4 due to the increased potential for multiple pregnancies, surplus embryos are generally frozen and transferred in a later cycle, a technique which may improve the overall expectation of pregnancy from a single stimulated cycle. As a consequence of the considerable ethical and legal concerns associated with human embryo freezing a substantial interest currently exists in preserv¬ ing the unfertilized human oocyte. A few human pregnancies have been reported after fertilization and transfer of frozen-thawed oocytes (Chen, 1986; Al Hasani et ai, 1987; Van Vem et ai, 1987) .
The requirement of oocytes to undergo normal fertilization following cryopreservation is, however, associated with a number of specific problems not encountered with embryo freezing. Glenister et ai (1987) 14-14-5 h after hCG and the oviducts were collected in PB1 medium (Whittingham, 1974) supplemented with 5% heat-inactivated human serum and 5 mg bovine serum albumin/ml (BSA: Fraction V: Sigma Chemical Co., St Louis, MO, USA). Cumulus masses were released into a solution of hyaluronidase (300 IU/ml: bovine testis type IS H 3506, Sigma) in the same medium and cumulus-free oocytes were washed in supplemented PB1 medium.
Freezing. The methods used for freezing and thawing were similar to those previously described by Whittingham el a!. (1979) . Cumulus-free oocytes were transferred to a dish of 1-5 M-dimethylsulphoxide (DMSO, BDH Chemical Ltd, Poole, Dorset, UK) in supplemented PB1 medium on ice. During this equilibration time 20-50 oocytes were loaded into pre-cooled (4°C) 0-25-ml The detailed procedures for in-vitro fertilization of mouse ova have been described elsewhere Using a Zeiss or Nikon inverted microscope with Nomarski optics the characteristics of fertilization were assessed (see Table 1 ).
Statistics. The data from replicate experiments were combined and comparisons were then made using 2 analysis. (Table 2 ). After transfer from insemination droplets and 20 h of culture, significantly fewer (P < 0001) frozen-thawed eggs cleaved to the 2-cell stage compared to fresh cumulus-free control eggs. However, the number of 2-cell embryos forming blastocysts after 90 h in culture was not different between the two groups (Table 2) . (Table 3) . Of those that did fertilize, the number undergoing normal fertilization, as signified by the presence of two pronuclei and a second polar body, was also significantly less (P < 0001) in the frozen-thawed group (Table 3) . This difference was characterized by a significant (P < 0001) increase in the frequency of polyploidy in the frozen-thawed eggs (Table 3) . Parthenogenetic activation was evident in one oocyte from each group. The parthenogenomes both contained one pronucleus and no second polar body. The number of oocytes that fragmented during this period of culture was higher in the frozen-thawed group although this difference was not significant (Table 3) .
Source ofpolyploidy
Examination of the polyploid eggs demonstrated that the significant increase in the fre¬ quency of polyploidy in the frozen-thawed oocytes could be attributed to failure of the fertilized egg to extrude a second polar body. The frequency of digynic polyploidy was 11-8% in the frozen-thawed group and 1-3% in controls (P < 0001; Table 4 ). The difference in the incidence between the two groups of diandric polyploidy was not significant (P > 005; Table 4 ). The pro¬ portion of digynic to diandric oocytes in the two groups was 27:9 for frozen-thawed eggs and 4: 7 for control eggs. One tetraploid embryo of both digynic and diandric origin was seen in each group. 
Discussion
Frozen-thawed mouse oocytes have a decreased rate of fertilization and an increased frequency of polyploidy (Glenister et ai, 1987; present study). However, the subsequent development of in-vitro (present study) and in-vivo (Glenister et ai, 1987) derived embryos from frozen-thawed oocytes was not compromised compared to controls. Freezing and thawing resulted in a decreased number of eggs that cleaved to the 2-cell stage after in-vitro fertilization when compared to controls (46% vs 79%). Largely responsible for this effect was a decreased ability of spermatozoa to penetrate and/or form a pronucleus in the cyto¬ plasm of a frozen-thawed oocyte (63% vs 85%). The explanation for this decreased fertilization rate of frozen-thawed oocytes remains unclear but it is possible that freezing and thawing may have resulted in a change in the structure of the zona and/or vitellus which may have inhibited sperm entry. Support for this explanation was the observation that frozen-thawed unfertilized oocytes demonstrated large numbers of spermatozoa bound to the zona pellucida which made them readily distinguishable from those which had fertilized. The premature release of cortical granules by frozen-thawed oocytes may also have contributed to this reduction in the rate of fertilization. The possibility that spermatozoa entered the cytoplasm of frozen-thawed oocytes but failed to form pronuclei must also be considered. Quinn et ai (1982) showed that frozenthawed zona-free hamster oocytes had a reduced ability to support sperm head decondensation and male pronuclei formation when fertilized by human spermatozoa. It is possible that a similar phenomenon contributed to the reduced rate of fertilization of frozen-thawed mouse oocytes seen in this study. Glenister et al. (1987) suggested that the failure of frozen-thawed mouse oocytes to undergo cleavage to the 2-cell stage may be related to the requirement for a post-thaw recovery period as previously reported for mouse embryos (Whittingham & Anderson, 1976 (Table 3) suggest that freezing and thawing may interfere with pronuclear migration and/or the events necessary for normal syngamy. This possibility is currently under investigation.
The increased frequency of polyploidy in frozen-thawed eggs reported in this study (16-2 vs 3-7%) is in agreement with the findings of Glenister et ai (1987) (15-8 and 8-3%) . Frozen-thawed human oocytes were also associated with a higher incidence of polyploidy (20 and 40%) when frozen in DMSO or propanediol, respectively (Al Hasani et ai, 1987) . This is consider¬ ably higher than the rate of polyploidy reported after in-vitro fertilization of fresh human oocytes (10%: Van der Ven, 1985; 1-4%: Mahadevan & Trounson, 1984) . While Glenister et ai (1987) also found more digynic than diandric oocytes in the small number of chromosome spreads which they were able to analyse, this current study is the first which has determined the exact source of polyploidy in frozen-thawed mouse oocytes. It is clear that the increased incidence of polyploidy primarily arises from the retention of the second polar body (digyny) and not from an increased rate of polyspermic fertilization. This suggests that freezing and thawing does not impair the block to polyspermy or damage the zona and/or vitellus so as to allow the entry of supernumerary spermatozoa. (Webb et ai, 1986) . Oocytes activated at 12-14 h after hCG formed a haploid pronucleus and second polar body but activation of older oocytes resulted in parthenogenomes without a polar body. This transition coincided with the age-related loss of the actin-rich area at the site of polar body formation. Further, ultrastructural studies on frozen-thawed 8-cell mouse embryos showed a loss of microfilaments compared with control embryos (Bernart et ai, 1987) . The relationship between actin and the effects of freezing and thawing requires further investigation.
In summary, the results obtained in this study using a slow freeze to -40°C-rapid thaw proto¬ col are comparable to the slow freeze to -80°C and slow thaw method previously described by Whittingham (1977) . However, the significant reduction in fertilizing ability and increased incidence of fertilization abnormalities in frozen-thawed mouse oocytes suggest that until many of these problems are solved the routine cryopreservation of human oocytes is not justified and could be expected to yield poorer pregnancy rates than those currently obtained from the transfer of frozen embryos. 
